T HE ependyma of the choroid plexus is an epithelial membrane concerned with the transport of salt, water and unionized materials between a filtrate of plasma and the ventricles of the brain. The net result, under ordinary circumstances, is the elaboration of cerebrospinal fluid of more or less characteristic composition, a composition sufficiently different from that of plasma or its dialysate to identify the fluid as the product of secretory activity. 3, 7 It is of some interest to estimate the difference of electrical potential across the ependymal epithelium in the expectation that mechanisms underlying the uneven distribution of electrolytes between a dialysate of plasma and the fluid might be clarified and the direction of further study indicated.
Several measurements of potential differences thought to be related to transport of ions in relation to cerebrospinal fluid have been recorded. The mammalian pattern has been that the fluid is positive in reference to tissue or blood outside the meninges? ~ In the dogfish the fluid was found to be negative to extrameningeal tissue, n but recently the potential difference across the elasmobraneh plexus in vitro has been found to be 1-3 inV., the ventricular side being positive32
Methods
Adult male rabbits were anesthetized with Urethane and the choroid plexus of the left lateral ventriele was exposed by methods detailed elsewhere? 0 Glass microelectrodes were prepared by drawing borosilicate glass capillaries, outside diameter 1 mm., in a Leitz needle-pulling apparatus. These Received for publication April 15, 1964 . * Presented at meeting of the Harvey Cushing Society, Los Angeles, California, April ~, 1964. This investigation was supported by Research Grant NB-0~931 from the Division of the National Institute of Neurological Diseases and Blindness, Public Health Service.
were filled by boiling in 3 M. KC1. A ehlorided silver wire was inserted into the pipette as far as it would pass. The reference electrode was prepared by drawing 3 M. KC1 agar into a vinyl tube, .5 mm. inside diameter, through which a chlorided silver wire had been inserted ahnost to the end. The latter electrode was placed in the lateral ventricle. The microelectrode was inspected and lowered into the fluid in tile lateral ventricle. Microelectrodes were rejected for improper size and taper of tip, for resistance of tip over 10 M~2 or potentials over 7 mV. Five sides of the preparation were shielded with copper screening.
The amplifier had an input impedance of 5 X 10 ~4 ~ and a grid current of less than 10-13A. (Model A34 Medistor Instrument Co., Seattle, Washington). The output of this instrument was displayed on a cathode-ray oscilloscope.
The choroid plexus was held steady with a rather gross glass needle held in the rlght-hand micromanipulator. The microelectrode was held in the left-hand manipulator. It was considered that a cell was impaled when a sudden negative potential of appropriate dimensions was displayed. Often, after the initial impalement the potential climbed gradually by 5 or more mV. These potentials were difficult to hold regularly for more than 5-60 sec., a step in the room, a shifting of position of tile experimenters or even release of the joy stick of the micromanipulator, often resulting in a precipitate fall in the recorded potential. A number of impalements were held for several minutes and one for 7 minutes.
Although the identification of an intracellular placement of the tip of the electrode seemed to present no difficulty, the identification of an interstitial placement is not so easy. We used the following criteria: the electrode was seen to be in the tissue of the choroid plexus, it could be moved to some extent without disturbing the potential. Upon removal, the potential returned to the base line and upon repeated insertions, the potentials were about equal. Additionally, on a number of occasions, we placed the microelectrode in the lumen of a venule where its tip could be seen, and measured potential differences in the range of those measured when the tip was thought to be in the interstitial tissue.
The solution most often employed as a bathing fluid was made to contain in mEq./1. Na + 144, K + ~.7, Mg ++ ~.0, Ca ++ 3.6, C1-1~7, HCO3-s H2PO4-.4 and glucose 5.5; 5 per cent CO2 and 95 per cent 02 were bubbled through the solution before use. Solutions were at room temperature.
Potentials of Choroid Plexus
Otherwise the solutions described in the tables were made up to a total osmolarity of 300 mOsm./1, by addition of sucrose if necessary. In the fluids with constant K + X CI-, SO4= was the other anion. All limits are + S.E.M.
Results

Resting Potential of Choroidal Ependymal
Cells. In Table 1 are summarized measurements of electrical potential difference between choroidal ependymal cells and ventricular bathing solution. The cells are some 64 mV. negative to a ventricular solution made to resemble cerebrospinal fluid. The effect of several experimental alterations in the bathing solution and of the intravenous administration of acetazolamide are also given.
The organic cations choline and tetraethylammonium are only mildly depolarizing, suggesting a permeability not very much greater than that of Na +. This finding contrasts to that in muscle where choline may be hyperpolarizing, 26 and in the proximal tubular epithelium of Necturus where the strong depolarizing effect of choline 9,33 is associated with a high permeability of the epithelium to that ion? ~ The potentials are reasonably insensitive to the concentration of Na + over the range of values which can be imposed without disturbing osmotic balance. The depression of potential observed at a Na + concentration of 250 mEq./1, may be an unspecific effect caused by osmotic injury.
The potentials were unaffected by changes in H + concentration over ahnost a thousandfold range. Acetazolamide, which has a profound effect upon the elaboration of cerebrospinal fluid, produced no change in potential at several values of pH.
Depolarization by K + in the bathing solution (Fig. 1) exhibits a considerably more pronounced departure from the ideal Nernst relationship than has been found in muscle 1 or kidney 9.
The potentials are considerably more sensitive to depolarization by ouabain than are those of proximal tubular epithelium of
Necturus. 9
Transependymal Potentials. The transependymal potentials (Table 2 ) average 14.1 inV., the ventricular bathing solution being positive to the interior of the plexus. These potentials were found to be reduced when the cells were depolarized by K +, reduced by ouabain in the bathing fluid and increased when the concentration of Na + was reduced in the bathing solution. In the presence of choline chloride 150 mEq./1. there was a mild reduction but the potentials were reasonably insensitive to changes in pH
